The role of progesterone in the maintenance of the cellular integrity of the follicular wall was examined in this study.
Introduction
The follicular wall in the chicken ovary plays the essential roles for the development of the oocyte and ovulation.
This tissue is also the major site of steroid production. These functions of ovarian follicles are regulated by gonadotropins secreted from the pituitary (JOHNSON, 1986) . However, recent studies suggested that ovarian steroid hormones may regulate the function of the cells in the follicular wall.
For example, progesterone may modulate the plasminogen activator activity of granulosa cells responsible for follicular growth (TILLY and JOHNSON, 1987) . Progesterone may also stimulate follicular rupture at ovulation through an autocrine and/or paracrine mechanism (TOJO and HUSTON, 1981; NAKADA et al.,1989; TANAKA et al.,1990) . Although it has not been shown in hens, progesterone modulates the synthesis of estrogens in the mammalian ovary (TONETTA et al., 1986) . Progesterone receptors were localized in the small follicles (ISOLA et al., 1987) as well as pre-and postovulatory follicles of the chicken (YOSHIMURA and BAHR, 1991) (Fig. 1 ). The interdigitations of granulosa cells with adjacent cells in the non-germinal disc region were more highly developed than in the germinal disc region (data not shown).
In the follicles of the control group 15h after hypophysectomy, the granulosa cells in the germinal disc region were shrunken and their associations with the adjacent cells and oocyte were loosened. These granulosa cells contained pyknotic nuclei, swollen mitochondria and rough endoplasmic reticulum and an increased number of lipid droplets (Fig. 2) . The granulosa cells in the non-germinal disc region did not show significant structural changes in their cytoplasmic organelles and junctions except that there was an increase in the number of cytoplasmic lipid droplets (data not shown).
In the follicles of hypophysectomized birds injected with progesterone, the nucleus and cytoplasmic organelles of granulosa cells in the germinal disc region did not exhibit any noticeable cellular changes as compared with follicles removed before hypophysectomy ( Fig. 3 ).
However, fluid or amorphous substances were accumulating in the intercellular space.
The amount of these materials was greater in the basal region than in the apical region, suggesting that these materials may have originated from the theca layer. In granulosa cells in the non-germinal disc region, an increase in lipid droplets was observed as compared with the granulosa cells before hypophysectomy, but the amount of these lipid droplets was fewer than in control birds (data not shown).
The theca interna consisted of interstitial cells, fibroblasts and capillary beds. In follicles before hypophysectomy, the interstitial cells were characterized by the presence of mitochondria with tubular cristae and some lipid droplets in the cytoplasm. 
Discussion
We are reporting that hypophysectomy of chickens induces atretic changes in the preovulatory follicles, whereas injection of progesterone into the hypophysectomized chickens prevents these atretic changes.
This result supports previous studies which suggested that follicular wall is a target site for progesterone because they contain progesterone receptors (ISOLA et al., 1987; YOSHIMURA and BAHR, 1991) . The injection of hypophysectomized chickens with estradiol also prevents the visible atresia of the preovulatoly follicles (YOSHIMURA and TAMURA, 1986) . It is a widely known fact that progesterone is metabolized to androgens and estradiol in the ovary (JOHNSON, 1990; NITTA et al., 1991) . Many workers have identified the small follicles of the ovary as the major site for estrogen production (JOHNSON, 1986; BAHR, 1991) . It also has been reported that the aromatase activity of small follicles is decreased as these follicles become atretic (ARMSTRONG , 1985) . Based on these reports, it is assumed that the aromatase activity is decreased after hypophysectomy. Therefore, the prevention of the atretic changes of preovulatory follicles in the hypophysectomized birds by injections of progesterone can be attributed to a direct effect of progesterone rather than the conversion of progesterone to estrogen which acts on the follicles.
Hypophysectomy of chickens resulted in the degradation of granulosa cells, thecal interstitial cells and fibroblasts. Granulosa cells in the germinal disc region were shrunken with their junctions with the oocyte and adjacent cells loosened. Swelling of the endoplasmic reticulum and mitochondria in these granulosa cells was also observed. These cytological changes in granulosa cells may suggest that they were undergoing apoptosis, the programmed cell death. Cell death by apoptosis is characteristic of shrinkage and separation of cells without distinct degeneration of cytoplasmic organelles unlike that of necrosis (BOWEN and BOWEN,1990) . Recent DNA fragments analysis study also indicated that granulosa cells undergo apoptosis during the process of atresia (TILLY et al., 1991) . Granulosa cells in the non-germinal disc region showed less degenerative changes as compared with those in the germinal disc region. The reason why the degenerative changes of granulosa cells were more intense in the germinal disc region than in non-germinal disc region remains unclear.
The degenerative changes of the thecal tissue were observed equally between the germinal disc region and non-germinal disc region. The thecal interstitial cells contained markedly increased amounts of lipid droplets.
This intracellular change during the process of atresia has been described by many workers (GURAYA, 1976; KAVACS et al., 1992) . The fibroblasts of the theca externa showed pyknosis and increased cytoplasmic density with swelling of rough endoplasmic reticulum and mitochondria. These degradation may result from the hydrolysis by lysosomal enzymes because we have observed that lysosomal enzyme activity is increased in the thecal fibroblasts during atresia (YOSHIMURA and TAMURA, 1985) . It was observed in this study that injection of hypophysectomized birds with progesterone prevented these degradative changes of the granulosa cells, interstitial cells and thecal fibroblasts.
Because granulosa cells and thecal fibroblasts contain progesterone receptors (YOSHIMURA and BAHR, 1991) , it is suggested that progesterone may regulate the fundamental functions of these cells via its receptors.
Although it is not clear whether thecal interstitial cells contain progesterone receptors, the present results suggest that progesterone may also be involved in the regulation of the functions of these cells.
The major supporting tissue for the follicular wall is the thecal layer consisting of dense connective tissue. The thecal fibroblasts containing progesterone receptors may produce large amounts of intercellular matrix such as collagens and proteoglycans (JACKSON et al., 1991) and fibronectin (YOSHIMURA et al., 1985) in response to progesterone. This hypothesis is supported by the present results suggesting that progesterone may regulate the fundamental functions of the thecal fibroblasts and also by a recent report indicating that progesterone stimulates fibronectin secretion in mammalian endometrium (MULARONI et al., 1992) . Therefore, progesterone may be of importance for stimulating the thecal layer as a supporting tissue. Bursting atresia of preovulatory follicles (GUPTA et al., 1988) includes the rupture of the theca layer. This rupture may be induced by the enzymatical degradation of the theca tissue resulting from the removal of progesterone stimulation.
Estrogen also prevents visible follicular atresia in hypophysectomized hens (YOSHIMURA and TAMURA, 1985) . It is unclear whether progesterone prevents follicular atresia in hypophysectomized hens by the same mechanism as estrogen does. Estro-gen receptors have been identified in the chicken granulosa cells (KAMIYOSHI et al., 1986) , however, their presence has not been shown in other follicular tissues. Further studies are required to determine if estrogen receptors are localized in the theca tissue and the mechanism by which estrogen prevents atresia of preovulatory follicles.
It is accepted that ovulation is induced by LH (OPEL and NALBANDOV, 1961) .
However, recent reports suggested that progesterone which is produced in a preovulatory follicle in response to LH may act directly on follicular tissues to induce ovulation. TOJO and HUSTON (1981) showed that LH-induced ovulation is blocked by an administration of aminoglutethimide, an inhibitor of progesterone production, whereas injection of progesterone overcame the inhibitory effect of aminoglutethimide. NAKADA et al. (1989) found that administration of progesterone induced ovulation of the largest preovulatory follicle in chickens hypophysectomized just before LH surge, whereas it did not induce ovulation in those hypophysectomized more than several hours before LH surge. They proposed that ovulation is induced by progesterone without the action of LH only in the mature follicles. Ovulation was not induced in this study by the injection of progesterone into birds hypophysectomized 16h before ovulation (approximately 10h before LH surge). We have observed cytoplasmic changes in follicular cells just before ovulation, including development of mitochondria in granulosa cells and rough endoplasmic reticulum in thecal fibroblasts, suggesting that these structural changes are responsible for the ovulatory process (YOSHIMURA and KOGA, 1982) . These ultrastructural changes were not observed in the follicles of birds injected with progesterone in this study. Therefore, it is suggested that some unknown maturational changes in the follicles are required before progesterone is able to induce the ovulatory changes in follicular tissues.
In conclusion, we propose that progesterone is one of the factors that regulates the fundamental functions of follicular cells, and eventually is required for the normal follicular growth. 
